affected by various traits of both plants and pollinators, and such traits will then affect the level of inbreeding and plant reproductive success. Schnabel & Hamrick (1995) studied gene flow in a leguminous tree by allozyme analysis and suggested that the level of gene flow (they defined this term as the proportion of offspring of which at least one parent was not found within the research area) differed among years. This suggests that gene flow and pollen dispersal patterns are affected to varying degrees by certain conditions. Burd (1994) also suggested that the "pollination environment" is not constant based on the evidence that the significance of pollen limitation fluctuated highly in many plant species. This paper introduces unpublished work which applied DNA microsatellite markers to study year-to-year fluctuation in pollen dispersal Chase et al., 1996; Dow & Ashley 1996; Streiff et al., 1999; Isagi et al., 2000; Konuma et al., 2000; Kameyama et al., 2001 ) but has not been applied to study plural pollen dispersal events in different conditions, since it is laborious. In this study, pollen relatedness to female gametes as revealed by microsatellite markers helps to understand the role of the community mass-flowering phenomenon, namely general flowering, which is unique to tropical Southeast Asia.
General flowering research opportunity for pollen quality
General flowering refers to supra-annual and irregular mass-flowering with irregular intervals of about five years, on average (Ashton et al., 1988; Appanah, 1993) . During the general-flowering period, a large portion of Dipterocarpaceae and many species of other families bloom heavily, while they scarcely bloom at all in the other periods (Ashton et al., 1988; Appanah, 1993; Sakai et al., 1999) . Two main hypotheses which explain the adaptive significance of this phenomenon are predator satiation (Curran & Leighton, 2000) and promotion-of-pollination (reviewed in Sakai, 2002) . The latter, which will be focused on here, explains that the pollinator abundance increases disproportionally with increasing floral resource at the communitylevel, which results in an increase in pollination success for each single plant species. Actually, abundances of some kinds of pollinators fluctuate drastically according to the magnitude of community flowering (Kato et al., 2000; Itioka et al., 2001) .
Such fluctuation can change pollinator availability for plants, both quantitatively and qualitatively. Several dipterocarp species were suggested to alter their pollinators from year to years (Momose et al., 1998) . One of the typical cases is provided by an emergent dipterocarp Dipterocarpus tempehes Slooten, which alters its pollinators between several species of moths and giant honeybee, Apis dorsata F. (T. Kenta et al., unpublished) . Such variation in pollination conditions provides a good opportunity to study how the pollen dispersal patterns and pollen relatedness are affected by pollination conditions. (2002)), respectively. A maximum likelihood method (Marshall et al., 1998) was used for parentage analysis and to study the pollen dispersal patterns. Queller and Goodnight (1989) 's R was applied to study the spatial genetic structure of mature trees and the level of inbreeding in both years. R is the variable which ranges from -1 to 1 and is zero when the value is averaged within a population with an infinite number of individuals.
As the result, three evidences appeared; 1) subpopulations are genetically subdivided, 2) inter-subpopulations pollen dispersal was greater in the intensive general-flowering year, and 3) level of biparental inbreeding was reduced and the genetic diversity of offspring was marginally greater in the intensive general-flowering year. Because D. tempehes shows one of the strongest inbreeding depression among various plants (T. Kenta et al., unpublished) , reduced inbreeding will possibly increase offspring fitness. Greater dispersal in the intensive general-flowering year is consistent with the fact that A.
dorsata, the main pollinator of the year, was known as great-distance forager (Dyer & Seeley, 1991) . Apis dorsata is migratory (Koeniger & Koeniger 1980; Dyer & Seeley, 1994) , and its abundance largely fluctuates according to the magnitude of general flowering (Itioka et al., 2001) . Although D. tempehes flowers both in intensive and less-intensive general-flowering years, A. dorsata is available only in intensive general-flowering years. Therefore, we suggest that flowering synchrony at the community-level increases pollinator availability and enables D. tempehes to utilize A. dorsata as the pollinator, then to increase pollen dispersal and reduce inbreeding. Abundances of various pollinators other than A.
dorsata also increase during general-flowering period (Kato et al., 2000) . A high abundance of potential pollinators can enhance a plant's pollen dispersal in two ways. First, high availability of a single species of pollinator will result in effective pollination and increase the amount of pollen which reaches far conspecific trees. Second, some trees, like D. tempehes, may succeed to enhance its gene flow by attracting more superior pollinators such as A. dorsata. We propose "enhanced gene flow hypothesis", which regards such effects in relation to pollen dispersal as a new class of adaptive advantages of general flowering. The promotion-of-pollination hypothesis (Sakai, 2002) has suggested the positive effect of the flowering synchrony at the community-level on the pollination efficiency of each plant species. This hypothesis and ours are not exclusive together, however, we stress the importance of the variation in pollen dispersal and consequent difference in pollen quality and genetic diversity in general-flowering communities; the communities with highly variable pollination condition.
Advantage of a pollen relatedness study
Dipterocarpus tempehes produced large number of seeds both in the intensive and less-intensive general-flowering years.
However, with respect to pollen relatedness, there was the significant difference between those years and such a difference has advanced the understanding of the role of general flowering. This example suggests that pollen dispersal patterns and pollen quality are variable depending on pollination conditions, such as types of pollinator or year, and that pollen of good quality dispersed in a particular pollination condition may play a significant role for population regeneration or competition between individual plants. Plant ecologists have been interested in the relationship between pollination efficiency and various reproductive traits or pollination conditions, such as floral morphology (Conner et al., 1995) , masting phenomenon (Shibata et al., 1998) , individual and flower size (Andersson, 1988) , and type of pollinators Horvitz 1984, Kakutani et al., 1993) . On the other hand, recent rapid advances in genetic techniques enable ecologists to make a direct estimate of pollen dispersal pattern more accurately and easily than before. Pollen dispersal is a pre-zygote mate choice of plants and its relationship to various reproductive traits or pollination conditions is essential for understanding the plant reproductive strategies. However, it has not been studied intensively yet and there remain many research opportunities to study such relationship between reproductive traits and pollen dispersal pattern. Then pollen relatedness will be useful index to evaluate the effect of pollen dispersal pattern on a plant reproductive success.
